Abstract -The synthesis and redox properties of a range of platinum metal complexes incorporating poly-aza and poly-thia macrocyclic ligands are described. The insertion of palladium(II), rhodium(III), iridium(II1) and ruthenium(I1) into tetra-aza macrocycles (L) has been achieved, and the structures of octahedral complexes incorporating mutually cis chloro-
INTRODUCTION
The protection and blocking of certain coordination sites at a metal centre with the simultaneous incorporation of specific, coordinatively labile positions is crucial in the design of catalytically active metal complexes. This is usually linked to the use of protecting ligands which can be stereochemically, electronically and/or chirally tuned to the requirements of the metal centre and the catalytic process.
Macrocyclic ligands are well-known to form thermodynamically stable and kinetically inert complexes and may therefore be regarded as protecting groups for metal ion centres. This parallels the role of cyclopentadienyl and aryl ligands in traditional organometallic chemistry. The vast majority of transition metal macrocyclic complexes are of the first row series reflecting the many versatile routes to their synthesis and their importance in biomimetic and catalytic chemistry. The general paucity of non-porphyrinoid second and third row analogues and the potential for such products to show multi-redox and catalytic behaviour, has led us to initiate a programme on the synthesis and chemistry of macrocyclic complexes of the platinum group metals.
We have inltiated a series of studies on the chemistry of platinum metal complexes incorporating small to large ring poly-aza and poly-thia macrocyclic ligands thus generating a range of stereochemically and electronically controlled metal systems.
POLY-AZA COMPLEXES
In general, the preparation of first row transition metal macrocyclic complexes can be readily achieved using template synthesis around a central netal ion(s), by direct metal insertion into a pre-formed ligand, or via transmetallatjon reactions (ref. 1). Template syntheses around more kinetically inert metal ions such as those of the second and third row transition series are generally unsuccessful due to the relative stability of the intermediates formed in the template process. The synthesis of platinum metal macrocyclic complexes is therefore often restricted to the insertion of metal substrates into the pre-formed, metal-free ligands. Using this technique, we have synthesised (ref.
2 ) a series of Ru, Os, Rh, I r , Pd and Pt complexes incorporating pyridyl N4 macrocycles of general type (L1; R1, R2, R3 = H o r Me). Thus, reaction of RhC13 or Pd(OAc)2 with (L1) in CHQOH or CH2C12 respectively affords the complex cations trans-[RhC12(L1)]+, (1; R1 = R2 = R3 = Me), and [Pd(L1)I2+, ( 2 ; R1 = R2 = H, R3 = Me). The single crystal X-ray structures of these products show equatorial coordination of the tetra-aza macrocycle to the metal centres. In contrast, the species cf~-[RuCl(C0)(L~)]~+, (3; R1 = R3 = Me, R2 = H), (Ru-C1 = 2.422, Ru-C = 1.830A) (ref. 2 ) and ~ls-[1rCl(H)(L~)]~, ( 4 ; R1 = R2 = H, R3 = Me), (Ir-C1 = 2.393, Ir-H = 1.57A) show the macrocyclic ligand to adopt a folded conformation with the chloro-carbonyl and chloro-hydride moieties mutually cis to one another. The folded conformation of the coordinated tetra-aza ligand in (3) and ( 4 ) is similar to the conformation of the metal-free ligand (5; R1 = Me, R2 = R3 = H) observed in the solid state, with the pyridyl ring in the free ligand making a dihedral angle of 65.6' to the least squares N4 plane (see also ref.
3). Poon and co-workers have postulated the intermediacy of metal hydrido species in the synthesis of related complexes (ref. 4 ) . The coordinative flexibilty of (L1) can therefore be utilised to generate mutually t r a n s labile sites (as in (1)) o r cis labile sites (as in (3) and ( 4 ) ) . These complexes represent an important new class of macrocyclic coordination compounds containing a pyridyl moiety.
We have investigated the redox properties of these, and related, tetra-aza complexes using electrochemical techniques. The square planar Pd( 11) complexes of tetramethylcyclam (L2, tmc) and related N4 donor saturated ligands show a reversible reduction by cyclic voltammetry in CHQCN. The degree of reversibility of these reductions is found to increase with increasing N-alkylation, with the redox potentials occurring at less negative potentials with increasing N-alkylation. Meyerstein and co-workers have reported similar observations on the stabilisation of Ni (1) at a platinum gauze in CHQCN at -1.65V. under a stream of Ar at 20'C affords a highly air-sensitive, reactive species which can be assigned by esr spectroscopy to a d9 Pd(1) species [Pd(L2)]+ (measured at 77K as a frozen glass; g a = 2.302, gL = 2.076 with hyperfine coupling to lo5Pd, I=:, 22.2%, An = 53G, A, = 406) (ref. 6 ) . This is one of the first examples of stabilisation of a genuine mononuclear Pd(1) species (ref. 7 ) . The complex [Pd(L3)](PF6)2, ( 7 ) , likewise shows a reversible reduction but at a more positive potential, EM = -1.27V. vs Fc/Fc+ in CHQCN. The corresponding Pd(1) species can be generated and identified by esr spectroscopy. The single crystal X-ray structures of ( 6 ) and ( 7 ) show both these Pd(I1) complexes to have square planar stereochemistries with the functionalised I macrocyclic ring adopting an R.S.R.S. conformation in each case...that is, with the methyl or benzyl functions lying on the same side of the PdN4 plane. Interestingly, the structure of ( 7 ) shows a tetrahedral distortion at the Pd(I1) ion with one of the phenyl groups twisting around to sit above a five membered chelate ring of the coordinated macrocycle.
Reaction of +
POLY-THIA COMPLEXES
Parallel to the above studies on tetra-aza ligand binding, we have been investigating the complexation of the platinum group metals by the poly-thia crown ligands 1,4,7,10,13,16-hexathiacyclooctadecane (L4), 1,4,8,1l-tetrathiacyclotetradecane (L5) and 1,4,7-trithiacyclononane ( L ' ) . It has been shown previously that the potentially hexadentate
ligand (L4) (the thia analogue of 18-crown[6]) readily binds first row transition metal ions such as Ni(II), Co(I1) and Cu(I1) to give octahedral complexes (ref. 8 ) ; the structures of these complexes were subsequently confirmed by diffraction studies (ref. 9, 10). These ligands are attractive since they would be expected to bind very effectively to the relatively soft second and third row metal ions and lead to the formation of homoleptic thioether complexes. No work had been published previously on the coordination of (L4) and (L6) to platinum metal ions, and we reasoned that the effect of inserting large metal ions into such ionophores would lead to products that might exhibit unusual stereochemical. electronic and redox properties. inactivity of these latter species may be explained by the inability of the macrocycles (L4) and (L5) to form octahedral complexes with Pd and Pt centres. From the crystal structure of ( 9 ) , the ligand (L4) appears to have a cavity too small to fully encapsulate octahedrally
Reaction of PdCl2 or

2+ 2+
the relatively large Pd(I1) and Pt(I1) ions, while (L5) affords only square planar complexes with these netal ions. By contrast, coordination of two molecules of (L6) to Pd(I1) and Pt(I1) enables a preferred distorted octahedral stereochemistry to be achieved on oxidation to the metal(II1) species. The coordinative flexibility of ( The complex [Ru(L6)2I2+, ( 1 6 ) , is electrochemically inactive between -2.2 and +1.3V. indicating particular stabilisation of d6 Ru( 11) by hexa-thia coordination. The complex does show a quasi-reversible oxidation at Eu = +1.41V. 
Mononuclear complexes
We wished to investigate the analogy between small ring tridentate macrocyclic ligands and their carbocyclic analogues, eg aryl, cyclopentadienyl species. We were therefore interested in the synthesis of mixed sandwich complexes incorporating these fragments. Reaction of the tri-thia macrocycle (L6) and the tri-aza analogues (L7) and ( 
The complex [Rh(CgMeg) (L6)I2+ shows a quasi-reversible Rh(III)/(II) couple at -1.29V vs Fc/Fc+ by cyclic voltammetry. This is at a more negative potential than for the corresponding hexa-thia complex [Rh(L6)2I3' suggesting that the C5Me5-moiety is less efficient than (L6) in stabilising the d7 intermediate. This is confirmed by the relative instability of electrogenerated solutions of [Rh(CgMeg) (L6)]' which decompose rapidly at room temperature probably via loss of CgMeg-.
Binuclear complexes
The ability of (L4) and (L5) to act as binucleating ligands has been demonstrated previously (refs. 27, 28) . We initiated a study on the reactivity of these large ring systems with organometallic metal substrates with a view to investigating their coordination to polymetallic centres. 
